The John Williams Index of Palaeopalynology (JWIP) is the result of the lifetime's work of Dr John E. Williams. Housed at the Department of Palaeontology of The Natural History Museum (NHM) in London, the JWIP is publically available and provides probably the most comprehensive fully cross-referenced catalogue on palaeopalynology in the world. It has 23,350 references to fossil palynomorph genera or species as of February 2012. Since its inception in 1971, every publication in the collection referring to a fossil palynomorph genus or species has been critiqued by John E. Williams. Each item is given an accession number and appropriately referenced within the JWIP using index cards which are sorted alphabetically. Once added to the main reference subindex, further entries are completed for four themed subindexes. The first three of these are sets of cards on the three major palynomorph groups (acritarchs/dinoflagellate cysts, chitinozoa and pollen/spores), 26 stratigraphical intervals and 17 geographical areas. The fourth themed subindex is where each palynomorph taxon has a card (or cards) listing all the records of that species in the literature within six categories (acritarchs, dinoflagellate cysts, chitinozoa, fungal spores, pollen/spores and miscellaneous). Due to the sustained and meticulous recording of data since 1971, users can therefore search the database by major palynomorph group, species, age and/or geographical region. The comprehensive and cross-referenced nature of the JWIP means that researchers can readily identify key publications on, for example, specific palynomorph types over a particular interval in a prescribed area. The JWIP is currently entirely analogue, but the NHM is currently evaluating potential strategies for digitisation.
Introduction
John E. Williams worked for British Petroleum (BP) between 1968 and 1991, and began to amass a comprehensive personal literature collection with associated card indexes on palaeopalynology. This database, known as the John Williams Index of Palaeopalynology (JWIP), was constructed in order to help with palynomorph identifications during routine microscopy, and to compile key information for use in biostratigraphical interpretations. It also serves to document a rapidly expanding literature which typically grows by several hundred articles per year (Jansonius and McGregor 1996, figure 1 ). The archive has since developed into a comprehensive, cross-referenced card index and associated personal library of palaeopalynology. The personal library contains, in addition to papers accumulated by John E. Williams, many reprints donated by M.C. Boulter, G.L. Eaton, A.J. Powell, J.B. Richardson and others. While the Quaternary is covered for acritarchs and dinoflagellate cysts, the principal emphasis is on the pre-Quaternary. Papers on the Paleogene and Neogene which only use modern pollen/spore names have not been added to the JWIP. As of February 2012, the index card collection comprised 23,350 literature references and is housed in the Department of Palaeontology of The Natural History Museum (NHM) in London. The JWIP is available for use by all palynologists. This contribution aims to describe the collection, its background and history, how it has been constructed, its potential utility and how it may be developed in the future.
The use of card indexes and catalogues in palynology
Prior to the digital era, students of biology, palaeontology and other subjects would frequently construct alphabetical card indexes for taxa etc. Banks of index cards were a familiar sight in science laboratories as well as, for example, libraries and doctor's surgeries (Figure 1 ). In science these indexes would typically pertain to a specific research project, but could also be generic. Index cards (typically 150 mm 6 100 mm) would be written out with the essential details of the individual taxa (or similar entities), and filed in boxes alphabetically. In palynology, the species included were those expected to be present during the course of the respective research project, or perhaps built up as additional taxa were encountered. Naturally, in recent years, card indexes have been virtually entirely superseded by digital databases.
Students of palynology used card indexes extensively before standard computer software offered more expedient and flexible databasing solutions. Typically, research students would write out the diagnoses, descriptions, references, stratigraphical details etc. of each relevant species onto a card, together with photomicrographs. Other card indexes could be made up for key papers or previously published reports etc.; the possibilities were endless. Card indexes at the time were invaluable, especially if one was asked to study a relatively unfamiliar stratigraphical interval in a farflung region. The production of a card index helped to rapidly familiarise a palynologist with the flora, and it would be used during microscope work as an identification guide and during report writing. Many catalogue-style books on palynology such as Stover and Evitt (1978) , Artzner et al. (1979) and Wilson and Clowes (1980) probably started life as card indexes.
Some card indexes were actually published. The French micropalaeontologists Georges Deflandre and Marthe Deflandre-Rigaud published their card indexes of acritarchs, chitinozoa and dinoflagellate cysts as a series of books (e.g. Deflandre 1965, 1966) . On each printed page, two of the numbered cards (or fiches) were reproduced. Each fiche has the name, author and reference of the respective taxon, followed by geographical data, stratigraphical details and photomicrographs of the type material. The reproduction was single-sided so that these books could be easily converted into a ready-made card index. The catalogues on acritarchs and dinoflagellate cysts by the famous German researcher Alfred Eisenack and his collaborators between 1967 and 1981 were similar. However, these were far more professionally produced, and hence more widely distributed than the Fichier Micropale´ontologique Ge´ne´ral produced by Georges Deflandre and Marthe Deflandre-Rigaud. The 'Eisenack catalogues' comprise illustrations, locations, stratigraphical details and the original descriptions; they were published between 1967 and 1981 (e.g. Eisenack 1967 ). Recently, this catalogue has been revived and updated by Robert A. Fensome, Hans Gocht, G. Raquel Guerstein, Lewis E. Stover and Graham L. Williams (e.g. Fensome et al. 1991) , and the 'new Eisenack catalogue' series has now reached five volumes. Traverse et al. (1970) comprehensively described the development and scope of the Catalog of fossil spores and pollen (CFSP) (Kremp et al. 1957 (Kremp et al. -1985 . This is an index of many of the published pre-Quaternary pollen and spore taxa. It grew from the card index of Gerhard O.W. Kremp and has helped produce the supplements. Jansonius and Hills (1976) was extensively described and reviewed by Visscher (1980) , and more recently by Traverse (2007, p. 34) . Kalgutkar and Jansonius (2000) is a catalogue of fossil fungal spores and other remains, and Kapp et al. (2000) is a textbook on the identification of modern pollen and spores. Palynologists use these various catalogues together with texts on morphological features (such as Punt et al. 1994 for pollen and spores, and Williams et al. 2000 for marine microplankton) both as training aids and for routine identification work.
In addition to these published catalogues and catalogue-style publications, most large oil companies who employed micropalaeontologists such as Amoco in Houston and Tulsa, USA and Esso in Bordeaux, France used card/paper catalogues which were compiled by their in-house staff. Florentin Paris of the University of Rennes, France has compiled an unpublished digital catalogue of chitinozoans which is not publicly available. Lentin et al. (1996) reviewed the then state of the art of the digitisation of palynological data. Several online catalogues have been established more recently, for example Stephenson and Owens (2006) for Carboniferous spores, Mullins et al. (2007) for acritarchs, Steemans and Breuer (2007) for preMesozoic palynomorphs and Fensome et al. (2008) for dinoflagellate cysts.
Development of the JWIP
John E. Williams studied for his Ph.D. on the Carboniferous palynology of northern England and southern Scotland at the University of Sheffield, UK between 1965 and 1968. He no doubt saw many of his colleagues in palynology and associated disciplines making and using card indexes. Prior to the completion of his Ph.D., however, John joined BP in October 1968 and was assigned projects on stratigraphical palynology from all over the world. John continued to work on his Ph.D. most evenings and subsequently graduated in 1971. It was during his early years at BP when the card index began to evolve in order to fill significant gaps in knowledge. Many of his first projects at BP related to the biostratigraphical analyses of well-documented intervals and regions, such as the Permo-Triassic of the North Sea. In 1969 however, John was sent to Libya for three months as a rig geologist. Due to repeated well collapse issues, slow progress was being made and this left John with very little to do. He therefore welcomed the opportunity to visit the BP office in Benghazi to review the current palynological and associated biostratigraphical literature available for the region. He was asked to create some form of order from the chaos of literature he encountered. It rapidly became evident there were serious issues with the robustness of the biostratigraphical integrity of the region at that time. Detailed analyses by John revealed substantial discrepancies within the palynological successions. These were eventually explained by the consistent contamination of the sample materials from the mud additives used in the drilling, and not by incorrect palynomorph identifications. John spent his final weeks in Libya reinterpreting the available Libyan palynological data, which subsequently resulted in the development of his card index as a means to understand the unfamiliar literature and biostratigraphy.
Following this work in Libya, John decided to continue his card index and began to incorporate literature from subsequent overseas visits, such as Carboniferous-Paleogene of Alaska. The card index was eventually aimed at documenting all records of fossil (i.e. pre-Quaternary) palynomorphs worldwide. 
The JWIP and Palynodata
The closest compilation of palynological data to the JWIP is Palynodata. This digital database of the palynological literature was conceived in 1965 by Gerhard O.W. Kremp of the University of Arizona, USA as the Kremp Palynological Computer Research Project (KPCRP). The programme commenced in 1968 with considerable financial support from the oil industry. It was taken over in 1974 by Palynodata Inc., which comprised a consortium of oil companies and scientific institutions, and sought to produce marketable software to build and search the database. The history of Palynodata was presented by K.M. Piel in Lentin et al. (1996, p. 967-968) .
The aim of Palynodata was to analyse and reformat published palynological data into a digital environment so that the exponential expansion of new palynomorph taxa in the 1960s and 1970s would not result in the 'taxonomic chaos' experienced by other microfossil groups (Kremp and Methvin 1968) . All pertinent data excluding morphological details were compiled. Palynodata has been used in compilations such as the acritarch/prasinophyte and dinoflagellate cyst indexes (Fensome et al. 1990 and Williams 2004, respectively) . White and Jessop (2002) and White et al. (2009) By contrast the JWIP is still in progress and, as of February 2012, includes 23,350 publications with an average of around 1000 references being added every year. It should be noted that abstract volumes count as one publication in the JWIP. The abstracts from each volume, which may be numerous, are fully crossreferenced in the JWIP and the palynological details entered on the appropriate species cards. Furthermore, papers that are known to exist but have not yet been acquired are also fully cross-referenced in the JWIP. With 23,350 publications the JWIP lists more publications than Palynodata (22,152), making the former probably the largest fully cross-referenced pre-Quaternary palynological database in the world. While Palynodata was compiled by numerous non-specialist personnel over its approximately 40-year lifespan, input to the JWIP has only ever been performed by John E. Williams himself. John is a highly experienced palynologist and he assiduously checks the precision and quality of the data before entering it. This means that the JWIP provides an accurate and consistent interpretation of the literature. Another major difference between these two databases is in their formats; the JWIP is analogue and Palynodata is digital. However, in February 2011, the main index catalogue of the JWIP (card subindex 1 of Figure 2 ) was scanned and the NHM are in the process of formatting it.
How the JWIP works
The JWIP is primarily designed to be of use to the working palynologist. The main guiding principle is that it is a comprehensive library of pre-Quaternary palynology which is allied to an interlinked series of five interconnected subindexes. A flowchart of the five subindexes of the JWIP is depicted by Figure 2 .
To explain clearly how the system works, it is most expedient to describe what happens to an individual paper on palaeopalynology. Upon receipt, the article is given what a librarian would term an accession number. John prefaces each of his accession numbers with a capital 'J'. The first paper in the system (i.e. J1) is Alpern (1970) and, as of February 2012, the last number assigned was J17,354. This figure is significantly lower than the 23,350 references within the card index because, particularly in the 1970s, several publications were often grouped together and assigned a single 'J' number. The J-numbered articles are then stored in John's personal library on palaeopalynology (Figure 3) . The full bibliographical reference is then entered on a card and this is filed alphabetically; this is card subindex 1 of Figure 2 . This series is the cornerstone of the entire system as it represents the 'master listing' of all the publications in the system. An example of one of the cards from card subindex 1 is depicted by Figure 4 . Additionally, for multiauthor papers, the second and any subsequent authors are added to a separate index card such that all papers by any author can be quickly located within the JWIP. An example of one of these 'coauthor' cards is depicted by Figure 5 .
As a parallel system to this master listing, duplicate cards giving the bibliographical reference to the respective contribution are completed for each of the major palynomorph groups mentioned in the paper, and this is card subindex 2 of Figure 2 . The palynomorph groups are acritarchs/dinoflagellate cysts, chitinozoa and pollen/spores. Hence, if a paper includes data on dinoflagellate cysts and pollen/spores, two separate cards are completed for these biologically based categories in this card subindex.
Next, the chronostratigraphy pertaining to the respective report is documented on index cards, and this is card subindex 3 of Figure 2 . A card is completed with the bibliographical reference for each geological epoch that was described in the paper (e.g. Early Carboniferous, Late Jurassic). There are 26 time slices from the Precambrian to the Quaternary (Table 1) . If a paper covers a wide span of geological time, several cards naturally require to be completed. Additionally, bibliographical reference cards are written out for the geographical subindex, which is card subindex 4 of Figure 2 . The JWIP has evolved over time in certain aspects; one of these is that the level of geographical detail adopted now is greater than in the early years. There are 17 geographical regions recognised in the system (Table 2) . Should a paper cover a wide geographical area, several cards will be completed as appropriate.
Arguably, the most important subindex is that for the individual palynomorph species and their occurrences in the literature; this is card subindex 5 of Figure 2 . It is subdivided into six sections based on the main palynomorph groups (acritarchs, dinoflagellate cysts, chitinozoa, fungal spores, pollen/spores and miscellaneous palynomorphs). The miscellaneous category includes genera such as Botryococcus, Pediastrum, Porcatitubulus and Scenedesmus, and groups such as foraminiferal test linings and scolecodonts. Examples of these index cards are depicted by Figures 6 and 7. These entries comprise the taxon name, author(s), year of publication, page number (if for example information is provided on morphology or comparison with other taxa), plate and figure numbers for all illustrations, age and geographical location. On the reverse side of these 'species cards', every occasion the respective taxon has been subsequently mentioned in the literature is documented (Figure 7 ). For relatively rare taxa there may be only one card; by contrast, for other more common and widespread taxa there may be 20-30 cards to record all the occurrences. Card subindex 5 therefore enables researchers to rapidly establish all the mentions of a taxon in the literature and hence derive the geographical and stratigraphical extents of the species. For example, a Figure 5 . An example of an index card from the 'coauthor' card subindex of the JWIP. These cards are completed for the second and any subsequent authors of multiauthor papers so that all papers by any author can be easily located. This card is for J.B. Riding, and lists twelve items of literature where he was a junior co-author (i.e. Fenton and Riding 1988; Pirrie and Riding 1988; Lott et al. 1989; Pirrie et al. 1992; Fenton et al. 1994; Bucefalo Palliani et al. 1996 Fensome et al. 1996; Bucefalo Palliani and Riding 1997a,b; Hathway et al. 1998). search of the JWIP for the Paleogene dinoflagellate cyst species Apectodinium homomorphum (Deflandre & Cookson 1955) Lentin & Williams 1977 provides over 250 references, with each entry giving the geographical location and the stratigraphical extent of each record in the literature. The focused quality-controlled nature of the data in the JWIP is hence of far better quality than data derived from the leading generic and scientific internet search engines.
A further subindex comprises cards with illustrations and descriptions of the respective taxon; this part of the database is however not comprehensive (currently covering only chitinozoa, dinoflagellate cysts and fungal spores) and is consequently not illustrated in Figure 2 .
As of February 2011 (when all the JWIP index cards were scanned), the catalogue comprised a total of almost 210,000 index cards. Card subindexes 1 and 2 with the principal literature references comprise some 64,000 index cards, card subindex 3 (the chronostratigraphical subindex) around 22,800 index cards and card subindex 4 (the geographical subindex) approximately 14,900 index cards. The largest part of the catalogue is card subindex 5 with the records of all taxa in the literature which has over 91,000 index cards. The remainder of about 20,000 index cards are on illustrations and descriptions. Because John Williams continues to add new data to the system every day, the total number of index cards is increasing even further.
Use of the JWIP
The analogue JWIP can be accessed and used by visiting the Department of Palaeontology of The Natural History Museum in South Kensington, central London by prior arrangement. To use the JWIP, bench fees are requested from commercial/industrial users but these may be waived for academic researchers and Figure 6 . An example of the front side of the index card for the Paleogene-Neogene pollen grain Gothanipollis aerius Krutzsch 1959 from card subindex 5 of the JWIP. This is the card subindex which provides all the mentions in the literature of a specific taxon. Note that the front side of these index cards gives the species name, the author citation, the nomenclatorial synonymy as appropriate and details of the type material. Figure 7 . An example of the reverse side of the index card for the Paleogene-Neogene pollen grain Gothanipollis aerius Krutzsch 1959 from card subindex 5 of the JWIP. Note that the reverse side of these 'species cards' lists every occasion the respective taxon has been mentioned in the literature. These listings comprise the author, the year of publication, the age and the geographical location. Note that, following its original description from the Eocene of Germany by Krutzsch (1959) , Gothanipollis aerius has been mentioned and figured by Hochuli (1978) from the Miocene of Paratethys, and Frederiksen (1983) from the Eocene of California. students depending on the nature of their research and its contribution to the NHM.
The comprehensive nature of the JWIP means that it is ideal for obtaining the full range of published palynological data on specific stratigraphical intervals, geographical areas and/or palynomorph groups. It enables a palynologist to rapidly become familiar with all the pertinent literature on a geographical region, a stratigraphical interval or selected taxa.
Users can ensure that their synonymy lists and assessments of spatial/temporal ranges are complete and up to date, and many palynologists acknowledge the JWIP (e.g. Eaton et al. 2001; Mullins and Servais 2008; Raevskaya and Servais 2009; Taylor et al. 2011; Potter et al. 2012; Riding 2012a) . It is also possible to make comprehensive compilations of palynological literature for use in studies on, for example, biodiversity, biogeography, global vegetation reconstructions and palaeoecology (e.g. Alroy 2003; Pound et al. 2011; Riding 2012b) . Moreover, the collection can be used as a training tool.
The future of the JWIP
Clearly it would be far more convenient for the compiler and users of the JWIP if the card indexes were digitised and/or web-enabled. Discussions regarding the digitisation of the card indexes are taking place, and a scanned version of the card index is currently being formatted by the NHM. If sufficient demand is forthcoming, a digital database version will be seriously considered in the future.
If digitisation were to be achieved, once established a digital system would be easier and quicker to update. The NHM actively encourages users to visit the museum in order to use the micropalaeontological resources, and the global relevance of the JWIP means that a digital web-enabled version would potentially allow remote access.
If the full digitisation of the JWIP goes ahead, a suitable future-proof databasing system would need to be carefully selected in order to ensure that the several card indexes continue to be fully interlinked and crossreferenced. The first step should probably be the typing of the 23,350 references and placing this bibliography into a suitable database which allows seamless access to the palynomorph group, species, geographical location and stratigraphical card subindexes. Other opportunities include converting the JWIP into an indexed GIS database, which would allow the current level of cross-referencing to continue and enable the JWIP to be explored spatio-temporally in a manner similar to other palaeontological databases (e.g. Alroy 2012; Fortelius 2012). The possible digitisation of the JWIP in a GIS database environment would make data entry significantly more flexible, and would offer greater possibilities of the remote inputting of palynological data well into the future.
Acknowledgements
Our sincere thanks go to John E. Williams for making the JWIP publically available, and for his advice during the writing of this paper. There she led the palynology research group, and coordinated and taught palynology within the MSc in Micropalaeontology at University College London. In 2011 she moved back to Germany and set up as an independent consultant. In addition to her commercial work, she is also active as a lecturer and teaches palynology at the University of Geneva. Susanne's research interests focus on dinoflagellate cysts, their morphology and systematics, palaeobiology, evolution and biostratigraphy. She is very interested in the use of various microscopical techniques, such as the confocal laser scanning microscope and the transmission electron microscope for analysing and imaging palynomorphs. She is a member of the editorial board of several micropalaeontological and palynological journals, and has served as a committee member of learned societies in France, Germany and the United Kingdom. She is currently a Director at Large of AASP-The Palynological Society.
